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(57) Abstract: A hydraulic circuit for linearly driving a movable roller-holder slider of a pipe bending machine, comprising a hy- 
draulic cylinder (5) whose piston rod is connected to a slider holding a movable roller, the cylinder being fed with pressurized fluid 
from a reservoir (1 6) by a pump (15), through a three-position four-way valve (18), a check valve (12, 13) and an interposed throttling 
valve (19), that is operated to generate an increased pressure in said low pressure chamber of the hydraulic cylinder (5) in order to 
slow down the slider holding the upper roller in its primary motion when aprograzmxiable interval is reached from said predetermined 
>^ position for each working pass. 
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Description 

A hydraulic ci rcuit for linearly driving a movable roller-holder slider of a pipe 
bending i nachinft 

5 

Technical field 

This invenlicn relates to a hydraulic circuit for linearly driving a movable 
roller-holder slider of a pipe bending machine. The pipe bending machine can be of 
any kind, both symmetrical or asymmetrical. For simplicity and clarity sake a 
10 pyramidal, symmetrical pipe bending machine is referred to below. 

Background Art 

An upper roller among three rollers of an existing pyramidal, symmetrical 
pipe bending machine is generally mounted on a slider that is vocally movable by 

15 a hydraulic cylinder. The hydraulic circuit ensuring that the movable roller-holder 
slider is linearly driven comprises a hydraulic cylinder whose rod is connected to 
the roller-holder slider. The hydraulic cylinder has an upper chamb^ and a lower 
chamber, both chambers communicating with respective ducts of pressurized fluid 
that is feed firom a reservoir by a pump. A three-position four-way valve and a 

20 check valve operate on both ducts. These valves, as well as the pump, are controlled 
by an electronic control unit. 

The roller-holder slider travels downward in a primary motion to a bending 
position and upward in a return motion to a rest position. 

As known, pipes or other section bars are bent among the three rollers of a 

25 pipe bending machine through an operation including one pass or more with a result 
of the desired deformation. In order to obtain this deformation, specially when one 
workpiece or more has to be bent exactly with the same bending mdius, one must 
keep for every worlq)iece the same position of the movable roller with respect to the 
fixed rollers, wherein the bending operation is performed. . 

30 The valves in the hydraulic circuit, controlled by the electronic control unit, 

do not ensure an exact positioning of the hydraulic cylinder rod at the required 
vertical position in the various passes. This is owing to a number of forces in action. 
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among which the firictional force in the downward motion, the resistance of the 
material of the worl<piece to be bent, the active forces of the piston of the hydraulic 
cylinder, the seal deflecting force, the elastic force of the piston ring, the 
counteracting diflferential thermodynamic force, the time constant of the control 
5 response of the electromagnetic valve, the viscosity of the hydraulic fluid and its 
non homogeneity due to the presence of air having a coefScient of compressibility 
different from that one of the hydraulic fluid. 

In order to remedy the imprecision of the actual point of halting the movable 
roller-holder slider, mechanical stops have been used in the past that can ensure, 

10 without ascertainable OTor, the exact position of the movable roller in which a 
respective bending pass has to be perforaied. 

However, to set the points of halting by mechanical stops is a troublesome 
operation, that involves an added efifort and waste of time, in particular when 
deformations with great radiuses of curvature have to be performed. 

15 Further, in the past, in order to solve the problem, complicate hydraulic 

circuits provided witii proportional valves involving uicreased costs have bem used. 

Disclosure of the invention 

The present iuvention aims to overcome liie drawbacks above mentioned. 

20 In particular, an object of the present invention is to allow a pipe bending 

machine to operate, determining with precision the position of pipe bending while a 
position of bending can be set without requiring a mechanical stop device. 

Therefore, the present invention provides a hydrauUc circuit for linearly 
driving a movable roller-holder slider of a pipe bending machine, comprising a 

25 hydraulic cylinder whose piston rod is connected to a slider holding a movable 
roller that travels in its primary motion to a predetermined position for each pass of 
one or more passes of worldng operation of a workpiece to be bent and in its retum 
motion to a rest position, the hydraulic cylinder having a high pressure chamber and 
a low pressure chamber, both chambers communicating with respective ducts of 

30 pressurized fluid fed from a reservoir by a pump, ducts on which a three-position 
fom'-way valve and a check valve operate, further comprising, between said valves, 
a tlirottUng valve, that is operated by an electromagnet to generate an increased 
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press\ire in said low pressxire chamber of the hydraulic cylinder in order to slow 
down the slider holding the upper roller in its primary motion when a 
programmable interval is reached from said predetemiined position for each 
working pass. 

5 The invention will be now described with reference to its preferred 

embodiment, although it has to be understood that modifications can be made to the 
invention without departing from the spirit thereof, referrii^ to the figures of the 
accompanying drawing, in which: 

Figure 1 shows a diagrammatic side view of a partially opened pipe bending 
10 machine, to which a hydraulic circuit according to the invention is applied; 

Figure 2 shows a diagram of hydraulic circuit according to the invention; 

and 

Figures 3 to 6 show different operative positions of two valves of the 
hydraulic circuit according to the invention in its operation on the pipe bending 
15 machine. 

Referring to the drawing, the general appearance of a pipe bending machine, 
genorally denoted as 1, is shovra in Figure 1. The pipe bending machine 1 is 
equipped with a hydraulic circuit according to the invention- 

The pipe bending machine shown by way of example is of a symmetrical 

20 pyramidal kind. It has frontally (on the right hand side in Figure 1) a pair of fibced 
lower rollers (only one roller, denoted as 2, is shown) and an upper roller 3. The 
upper roller 3 is mounted conventionally on a slider (not shown) that is connected 
to a piston rod 4 diagrammatically represented in Figxare 2. The piston rod 4 is a part 
of a hydraulic cylinder 5 having an upper chamber 6 and a lower chamber 7. 

25 Owing to the motion of the piston rod 4, the slider holding the upper roller 3 

is movable downward during a primary motion from a general position indicated by 
an axis ^ to a predetermined position of axis /, as shown in an explanatory way in 
Figure 1 . The bending operation of a workpiece (not shovm) is performed dining a 
travel including one pass or more. In every pass, said predetermined position of axis 

30 I is selected for each workpiece. If e.g. it is mtended that two equal workpieces to 
be bent are worked by two passes, and an equal end position of pipe bending, but a 
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different intermediate position is chosen for every workpiece to be bent, two 
workpieces with different dimensional characteristics would be obtained. 

One would appreciate the importance that bending positions are achieved 
exactly as much as possible. 
5 As constructively and diagrammatically shown in Figures 1 and 2 

respectively, the upper chamber 6 and the lower chamber 7 of the hydraulic 
cylinder 5 are communicating through their ports 8 and 9 with respective ducts 10 
and 11 of pressurized fluid, and a pilot-operated to close check valve, that consists 
of a pair of single-acting valve 12 and 13, is provided. 

10 A pressurized fluid, in general oil for hydraulic circuits, is fed firom a 

reservoir 14 through a motor-pump unit 15. As best shown in Figure 2, at least a 
filter 16 and a pilot-operated safety valve 17 are provided in the circuit of the pump. 
Further conventionally, a three-position four-way valve 18 operates on both ducts 
10 and 11. The valves, as well as the pump, are controlled by an electronic control 

15 unit (not shown). 

According to the invention, a throttling valve 19, that is controlled by an 
electromagnet, is joined to the valve 18 on the same ducts 10 and 11. 

Also the throttling valve 19 is operated by said electronic control unit (not 
shown) to generate a back pressure in the lower chamber 7 of the hydraulic cylinder 

20 5. In fact, in the primary motion, i.e. in the downward travel of the movable roller 3, 
when the predetermined bending position which is defined by the axis / of the 
movable roller is approaching, it is suitable to slow down the slider holding the 
upper roller 3 so that the last one can reach exactly the bending position. This 
deceleration, e.g. firom the position of axis h is obtained by operating, as desired, the 

25 throttling valve 19 in order to gradually slow down the movable roller travelling 
downward, up to the complete closure of the valve in the desired end position for 
the bending pass that is performed. 

The interval h-I inside which the slow down is performed is programmable 
according to the desired precision and so on. 

30 This deceleration is obtained through the combined operation of the three- 

position four-way valve 18 and the throttling valve 19, as shown in Figures 3 to 6. 
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In these figures a streamline of high pressure fluid coming from the pump 
unit 15 is indicated as A, and a streamline of low pressure fluid returning from the 
hydratilic cylinder 5 operating the slider holding the upper roller 3 is indicated as B. 

Referring to Figure 3, the tiiree-position four- way valve 18 and the throttling 
5 valve 19 are shown in an arrangement ia which the high pressure streamline A goes 
to the high pressure chamber 6 of the cylinder, and the low pressure streamline B 
indicates the return flow exiting the low pressure chamber 7. The throttling device, 
denoted as 20, of the throttling valve 19 is in a non working arrangement and 
remains in this position xmtil the predetermined position of axis h of the movable 
10 roller 3 is reached (Figure 1). From this position the throttling device 20 is operated, 
as shown in Figure 4. The streamline B is diverted to a bypass 21, where the rate of 
flow is reduced. 

Consequently, there is a pressure increasing in the low pressure chamber 7 
of the cylinder 5, As a result, the downward travel of the movable roller 3 is slowed 

15 until the position of axis / is reached in which the flow is stopped, and both 
chambers 6 and 7 are under the same operating pressure. In the same time, all slacks 
are taken up, including air balls that are the decisive factor of error by having a 
compressibility different from that one of the hydraulic fluid. Now, the three- 
position four-way valve 18 and the throttling valve 19 are brou^t to a rest 

20 arrangement shown in Figxare 5. 

In order to retum the movable roller 3 to its former position of axis g, the 
three-position four- way valve 18 and the throttiing valve 19 are brought to an 
arrangement shown m Figure 6 in which the throttling device 20 is not working. 
Now, as for the throttling valve 19, the arrangement of Figure 3 is repeated, while 

25 the three-position four- way valve 18 performs the backflow. Through this 
operation, the chamber 7 of the cylinder 5 becomes the high pressure chamber, 
while the chamber 6 becomes the low pressure chamber. 

The throttling valve 18 can be a unidirectional valve. In alternative, the 
throttling valve 1 8 can be a bi-directional valve, in order to assure a slow down in 

30 botli primary and retum motions. 

The present invention has been described with reference to its specific 
embodiment, but it would be expressly understood that modifications, addition 
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and/or omissions can be made without departing from the spirit of invention as 
defined in the enclosed claims. 
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Claim 

1. A hydraulic circviit for linearly driving a movable roller-holder slider of a 
pipe bending machine, comprising an hydraulic cylinder whose piston rod is 
connected to a slider holding a movable roller that travels in its primary motion to a 

5 predetermined position for each pass of one or more passes of working operation of 
a worlqDiece to be bent and in its return motion to a rest position, the hydraulic 
cylinder having a high pressure chamber and a low pressure chamber, both 
chambers communicating with respective ducts of pressurized fluid fed from a 
reservoir by a pump, ducts on which a three-position four-way valve and a check 

10 valve operate, characterized in that the hydraulic circuit further comprises, between 
said valves, a throttling valve, that is operated by an electromagnet to generate an 
increased pressure in said low pressure chamber of the hydraulic cylinder in order 
to slow down the slider holding the upper roller in its primary motion when a 
programmable interval is reached from said predetermined position for each 

15 worldng pass. 
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